Abstract Competitive bidding in construction is concerned with contractors making strategic decisions in respect of determination of bid price if contractors opt to bid. This study presents a strategy model for deciding optimum tender price with reflecting appropriate profit in competitive bidding using Bayesian regression analysis (BRA). The purpose of the developed model is to help contractors to secure suitable profitability by predicting the actual profit based on key variables. They may affect construction cost at bidding phase, ultimately which help contractors to secure high quality output. The model was tested empirically by application to a bidding dataset collected from a large South Korea contractor. BRA allows contractors to estimate more accurate actual profit by reflecting not only objective information but also subjective experiences and judgments. Consequently, the model can contribute to improvement of decision-making process for setting an optimum tender price.
INTRODUCTION
Profit maximization has been the single most important business objective (Nellis and Parker, 1992) . In the competitive bidding, however, the lowest price is the key criterion in selecting contractors (CIOB, 2009 ), which does not allow the contractors to have the tender price to reflect sufficient profit and risk contingencies. Furthermore, the competition has often made the occurrence that the contractors win the bids at an abnormal tender price (Gorgan, 1992) . It is serious problems such as poor quality, delay or claims against clients to compensate the loss of profit (Lo et al, 2007) . Egan (1998) contends that the construction industry must move away from the lowest price to the best value. Despite such criticism on the competitive bidding, it is still the favoured route that clients meet their contractors. Thus, the contractors have to calculate the optimum tender price not only to win the bid but also to achieve appropriate profitability. It is possible by improving the accuracy of cost estimating through assessment of various factors affecting construction cost in bidding phase.
Until now, many studies have developed to more efficiently and accurately forecast construction cost. Cost models introduced and have developed to achieve the goal. However, most of the models were developed by academic researchers, and there is no any reference on what contractors actually use them in real business (Laryea and Hughes, 2009 ). The main reasons are the lack of experts to be able to deal with the model and the lack of data for analysis and distrust on the accuracy of the models by senior management (Christodoulou, 1998) . Also, the models has been quantitative so that the bid decision process can be made clear and objective, rather than subjective (Kim and Reinschmidt, 2010) . However, in real situations, subjective assessment is the most commonly used by contractors (Shash, 1995; Mochtar and Arditi, 2001) . Given the factors, it is necessary to develop practical and reliable strategy model to help contractor' s decision making in bidding phase. It should be able to reflect the subjective assessment for dealing with both quantitative and qualitative factors affecting construction cost.
Bayesian statistics is an appropriate technique to deal with both the factors so that it is possible to reflect prior probability. The concept of Bayesian approach to statistics is to use the prior information (subjective experience or judgment) and the information contained in the data (objective factors) (Bolstad, 2007) . Given the feature of the Bayesian statistics, it can be effectively used to develop a strategy model. It should be handled by subjective experiences and knowledge.
This study developed a strategy model to help contractors to decide optimum tender price considering appropriate profit
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using Bayesian regression analysis (BRA) . Thus, the model helps the contractors to adjust their estimated tender price in the adjudication stage of cost estimating, ultimately which contributes to achieving the business objectives (appropriate profitability, quality, completion on time and budget) of both the clients and contractors.
RESEARCH BACKGOUND
The purpose of frequentist statistics has been obtained by disregarding any prior knowledge about the process being measured. Yet disregarding the prior knowledge is significantly inefficient so that the useful information measured by plentiful experiences and various researches exists in many areas. In this aspect the benefit of BRA is to use both sources of information: prior information about the process and information about the process contained in the data, which means that if the reliable prior knowledge is secured. This method can be relatively more relevant especially when the amount of sample lacks (Bolstad, 2007) .
BRA is the similar to traditional regression analysis in the basic notion that it analyzes the relationship, y=a+β x, between one dependent variable and one or more independent variables. Bayesian regression is much easier if the model is reparameterized to be "y=a x +β(x-x)" (Bolstad, 2007) . The joint likelihood of the sample factors into a part dependent on the slope β and a part dependant on a x (Bolstad, 2007) , Independent priors are used for the slope β and intercept a x . They can be either normal priors or "flat" priors, and the joint prior is the product of the two priors. The joint posterior is proportional to the joint prior times the joint likelihood. Since both the joint prior and joint likelihood factor into a part dependent on the slope β and a part dependant on a x , the joint posterior is the product of the two individual posteriors. Each of them is normal where the constants can be found from the simple updating rules.
The parameters of posterior distribution calculated by BRA are changed by joint likelihood function and prior distribution (see Figure 1 ). However, if the prior knowledge is incorrect, and the difference of likelihood and priors is significant, it will be irrelevant to judge the reliance of posterior. Bolstad (2007) introduced an indicator random variable. This study gives a small prior probability of indicating original prior that is misspecified. The general mixture prior is P( I = 0) g0(θ) + P( I = 1) g1(θ) , where g0 and g1 are the original prior and a more widely spread prior, respectively. The joint posterior of distribution of I and θ is found given the data. The marginal posterior distribution of θ, given the data, is found by marginalizing the indicator variable out. It will be the mixture distribution: g mixture (θ|y 1,… ,y n )=p(I=1|y 1,… ,y n )g0(θ|y 1,… ,y n )+p(I=1| y1,… ,y n ) g1(θ|y 1,… ,y n )
This posterior, Eq. (1), is very robust against a misspecified prior. If the original prior is correct, the mixture posterior will be very similar to the original posterior. However, if the original prior is very far from the likelihood, the posterior probability, p(i=O|y 1,… y n ) , will be very small, and the mixture posterior will be close to the likelihood like Figure 2 . This has resolved the conflict between the original prior and the likelihood by giving much more weight to the likelihood (Bolstad, 2007) .
METHODOLOGY
The two-stage methodology was adopted to achieve the aim of this study. First, data collection and analysis were performed for finding the most appropriate factors that affect the profitability of a project. Firstly, the collected data were analyzed by multiple regression analysis (MRA) to secure coefficients of the data variables versus a dependent variable. And then, the results were evaluated by expert survey and the reliance of sample size and characteristics in order to abstract the more important factors affecting the profitability.
Second, simulation was performed for developing models to predict the profit of a project with the data abstracted from previous stage. In the first step, traditional regression model was developed as a benchmark against which a Bayesian regression model could be measured. In the next, a survey targeting six professionals in construction industry was conducted to find informative priors for Bayesian regression model. Lastly, the Bayesian regression model was developed by using the informative priors, which was compared to the result of the traditional regression model to confirm the reliance of the Bayesian model. BRA is the similar to traditional regression analysis in the basic notion that it analyzes the relationship, y=a+β x, between one dependent variable and one or more independent variables. Bayesian regression is much easier if the model is reparameterized to be "y=a x +β(x-‫ݔ‬ҧ )" (Bolstad, 2007) . The joint likelihood of the sample factors into a part dependent on the slope β and a part dependant on a x (Bolstad, 2007), Independent priors are used for the slope β and intercept a x . They can be either normal priors or "flat" priors, and the joint prior is the product of the two priors. The joint posterior is proportional to the joint prior times the joint likelihood. Since both the joint prior and joint likelihood factor into a part dependent on the slope β and a part dependant on a x , the joint posterior is the product of the two individual posteriors. Each of them is normal where the constants can be found from the simple updating rules.
The parameters of posterior distribution calculated by BRA are changed by joint likelihood function and prior distribution (see Figure 1) . However, if the prior knowledge is incorrect, and the difference of likelihood and priors is significant, it will be irrelevant to judge the reliance of posterior. (Bolstad, 2007) Bolstad (2007) introduced an indicator random variable. This study gives a small prior probability of indicating original prior that is misspecified. The general mixture prior is P( I = 0) g0(θ) + P( I = 1) g1(θ), where g0 and g1 are the original prior and a more widely spread prior, respectively. The joint posterior of distribution of I and θ is original prior and the likelihood by giving much more weight to the likelihood (Bolstad, 2007) . (Bolstad, 2007) 3. METHODOLOGY The two-stage methodology was adopted to achieve the aim of this study. First, data collection and analysis were performed for finding the most appropriate factors that affect the profitability of a project. Firstly, the collected data were analyzed by multiple regression analysis (MRA) to secure coefficients of the data variables versus a dependent variable. And then, the results were evaluated by expert survey and the reliance of sample size and characteristics in order to abstract the more important factors affecting the profitability.
The parameters of posterior distribution calculated by BRA are changed by joint likelihood function and prior distribution (see Figure 1) . However, if the prior knowledge is incorrect, and the difference of likelihood and priors is significant, it will be irrelevant to judge the reliance of posterior. (Bolstad, 2007) Bolstad (2007) introduced an indicator random variable. This study gives a small prior probability of indicating original prior that is misspecified. The general mixture prior is P( I = 0) g0(θ) + P( I = 1) g1(θ), where g0 and g1 original prior and the likelihood by giving much more weight to the likelihood (Bolstad, 2007) . (Bolstad, 2007) 3. METHODOLOGY The two-stage methodology was adopted to achieve the aim of this study. First, data collection and analysis were performed for finding the most appropriate factors that affect the profitability of a project. Firstly, the collected data were analyzed by multiple regression analysis (MRA) to secure coefficients of the data variables versus a dependent variable. And then, the results were evaluated by expert survey and the reliance of sample size and characteristics in order to abstract the more important factors affecting the profitability.
Second, simulation was performed for developing models to predict the profit of a project with the data abstracted from previous stage. In the first step, traditional regression model was developed as a benchmark against which a Bayesian regression model could be measured. In the next, a survey targeting six professionals in construction industry was conducted to find informative priors for Bayesian regression model. Lastly, the Bayesian regression model was developed by using the informative priors, which was compared to the result of the traditional regression model to confirm the reliance of the Bayesian model. Figure 1 . Prior, likelihood and posterior (Bolstad, 2007) 
DATA COLLECTION AND ANALYSIS

(1) Data collection
The survey questionnaire was designed to enable respondents to add any further factors that they considered necessary for inclusion to the list of related factors. The review of related researches supplies a list of factors that is further re-examined in expert interviews. They are given the task of adding to the prepared list or crossing off factors from the list that is irrelevant from their perspective. The confidence of data was come by step by step selecting procedure as shown in Figure 3. (2) Analyzing coefficients of factors affecting the profit MRA was used for selecting the most reliable factors affecting the profits of a project. The analysis is one of the useful methods not only to look at the relationship between a dependent variable and more than two independent variables but also to examine whether there are underlying factors that could explain combinations of variables that vary together by considering correlation matrix of pairwise correlations (Hinton et al., 2004) . The independent variables are completed year, location, number of basement, number of story, type of building, gross floor area, duration, building cover ratio, floor area ratio, numbers of parking, type of structure, retaining wall, foundation and finished materials (floor, ceiling, internal and external wall). The goal of the MRA is to create a model that contains all of the independent variables that will the best and most efficiently predict the dependent variable. To create the best results, five methods in the MRA are used, such as 'enter' , 'stepwise' , 'remove' , 'backward' and 'forward' . This study analyzed every method to look at which method is the most efficient and found that 'backward' method is the most appropriate analysis procedure. The R2 and adjusted R2 value in the Table 1 indicate the amount of variance in the dependent variable. In most cases R2 is usually adopted, but taking the adjusted R2 value can be useful when a number of variables exist. Although the R2 value of 'backward' method was slightly lower than that of 'Enter' and 'Remove' methods at 0.769 and 0.794 respectively, the adjusted R2 of 'backward' is significantly higher than others at 0.678 and 0.560 each. ANOVA value indicates how important the regression models are. If F value is high and P value is less than 0.05, the model can explain the significant amount of variation in dependent variable. The ANOVA value of 'backward' model explained the most significant amount of variation in the dependent variable, with the results estimated at F(9,23)=8.491; P<0.01. Furthermore, 'backward' model estimated more number of independent variables having positive coefficient than other models. Therefore, this study adopted 'backward' method for MRA. Table 2 gives nine models produced by MRA using a 'backward' method. Given R2 value in the table, independent variables in every model accounted for over 76.9% of variance in the dependent variables, and the deviation between highest and lowest value was 4.9%. Adjusted R2 value also showed the similar figures. Compared to the two values, model nine with the highest adjusted R2 value and relatively high R2 value was judged to the most reliable model. The model nine can consider more factors affecting a dependent variable. (2) Analyzing coefficients of factors affecting the profit MRA was used for selecting the most reliable factors affecting the profits of a project. The analysis is one of the useful methods not only to look at the relationship between a dependent variable and more than two independent variables but also to examine whether there are underlying factors that could explain combinations of variables that vary together by considering correlation matrix of pairwise correlations (Hinton et al., 2004) . The independent variables are completed year, location, number of basement, number of story, type of building, gross floor area, duration, building cover ratio, floor area ratio, numbers of parking, type of structure, retaining wall, foundation and finished materials (floor, ceiling, internal and external wall). The goal of the MRA is to create a model that contains all of the independent variables that will the best and most efficiently predict the dependent variable. To create 'backward' method was slightly lower than that of 'Enter' and 'Remove' methods at 0.769 and 0.794 respectively, the adjusted R 2 of 'backward' is significantly higher than others at 0.678 and 0.560 each. ANOVA value indicates how important the regression models are. If F value is high and P value is less than 0.05, the model can explain the significant amount of variation in dependent variable. The ANO-VA value of 'backward' model explained the most significant amount of variation in the dependent variable, with the results estimated at F(9,23)=8.491; P<0.01. Furthermore, 'backward' model estimated more number of independent variables having positive coefficient than other models. Therefore, this study adopted 'backward' method for MRA. Table 2 gives nine models produced by MRA using a 'backward' method. Given R 2 value in the table, independent variables in every model accounted for over 76.9% of variance in the dependent variables, and the deviation between highest and lowest value was 4.9%. Adjusted R According to Table 3 , independent variables simultaneously abstracted from model nine were year, location, building coverage ratio, floor area ratio, type of structure, floor finished materials, internal wall finished, number of According to Table 3 , independent variables simultaneously abstracted from model nine were year, location, building coverage ratio, floor area ratio, type of structure, floor finished materials, internal wall finished, number of basement and duration, were contained in model nine. P-values were also bigger than 0.05. The figures of B column give the coefficients of the independent variables versus dependent variable. However, it is impossible to compare the coefficient of each independent variable with the figures of B column since the scales of the figures are different. Beta value is the standardized coefficient values for solving the problem. Of these independent variables, the most significant variable affecting dependent variable was floor area ratio that has the largest absolute Beta value, and next was internal wall finished.
(3) Evaluating the main factors
The nine main factors affecting the profit of a project were calculated from MRA. However, it is necessary to evaluate the factors with experiences and information of professionals and sample size of data to confirm real values. From the reason, of the main independent variables calculated from MRA, some were deleted or modified, and some were added.
The independent variable, completed year, had significantly high p-value (0.009) in the model nine, but the fundamental cause that it affected profit margin is fluctuation price rather than the completed year itself. Moreover, Jaggar (2002) said that constructors can expect to add more profit margin in times of a boom as there will be a surplus of contracts and not enough constructors around to carry them out and vice versa. This means that tender price is intentionally adjusted by construction market condition. Given the substantive causes that the completed year influences the profitability, it is more reasonable to use the fluctuation price versus construction period and the economic condition as independent variables rather than completed year of the project. However, only fluctuation price was used as a independent variable instead the completed year so that it is difficult to judge whether the bidders of projects collected in this study applied the condition or not. To use the fluctuation price, construction price indices made by KICT (Korea Institute of Construction Technology) was utilize. This is construction statistics produced for estimating fluctuation price on the inputs -materials, labour and equipments -related to construction direct cost, based on the price of specific time.
Two factors, finished materials of floor and internal wall, were excluded from the independent variables for developing models due to the lack of reliance in terms of the size and type of the samples. Table 4 showed the type and number of the sample in floor and internal wall. However, the number of vinyl and water paint in each independent variable accounted for most of the samples. This means that it is difficult to interpret that the independent variables sufficiently explained the relationship with the dependent variable.
Type of building, gross floor area and contract sum were added to the independent variables as they are the basic factors in determining the tender price of a project. On the other hand, retaining wall and number of story were also added due to the high risk that the factors can result in the increase of construction cost at construction phase. Especially Elhag et al. (2005) ranked 67 factors which affect the cost of construction projects according to their influence and significance regarding the tender cost. The number of stories and level of uncertainty of soil conditions were ranked 27 and 14 respectively. Consequently, the main factors affecting the project profit are like Table 5 .
SIMULATION
The purpose of this study is to create the models to estimate contract sum including appropriate profit using BRA. The main difference between traditional MRA and BRA is whether informative prior is used or not. The tender price estimating should be accurate since it directly affects the success of a project. Moreover, as the construction projects have significant uncertainties, In this situation reflecting the individual experiences can be useful in predicting more accurate tender price. In this aspect, this study applied BRA and traditional MRA to confirm the reliability of the Bayesian model including reflection of the subjective views, and used a survey to secure proper informative priors.
(1) Data set The data of previous study (see Table 5 ) was used as independent variables, and profit was also used to a dependent variable for developing the models. The data collected from 33 completed projects in South Korea were partitioned into two parts, training set and holdout set in order to avoid bias. After a certain prediction model is completed, it is significantly important to confirm the reliance of the model. To check the model, the method to substitute testing data is generally used. Hair et al.(1992) describe such a procedure for use in dicriminant analysis, Hecht-Nielsen (1990) likewise addresses the use of the method to test the model of neural networks, and Seydel (2003) also uses partitioning the data into two parts. From these reasons, the data in this work is partitioned into training set and holdout set. 29 projects are the training data to create cost models, and the rest 4 projects are the holdout data to test reliance of the models. Furthermore, this study selected the projects with the different arrange of dependent and independent variables as the holdout set in order to test the model (see Figure 6 ).
(2) Traditional regression-based model
This regression-based model was calculated by SPSS 18. The several values of the regression model were shown in Table 6 . R value represents correlation coefficient between all entered independent variables and a dependent variable, and R2 value shows the amount of variance in the dependent variable that can be explained by the independent variables (Hinton et al, 2004 ).
In the result of coefficient, Table 7 , duration, location, type of building, building cover ratio give relatively low effect in influencing the profit. However, most of these factors are the fundamental elements in calculating a project cost. Furthermore, location and duration is qualitative factor that should be judged by subjective experiences and knowledge so that the two factors contain complicate risks. For example, according to location, the project cost can increase due to delivery cost, infrastructure condition, claims and so on. From these reasons, these factors were included for calculating this regression model.
(3) The survey for abstracting informative priors
Reliable prior probability is significantly important in improving the value of BRA model. Thus, the main purpose of this survey is to secure high-quality informative priors. The targeting of survey is six experts whose everyday job is working in construction sector. Given that the respondents of this survey should judge the impact that each independent variables affect construction cost and profit. Especially, most of independent variables have a possibility to be able to influence the construction cost and profit by a variety of uncertainties while projects are progressed. In this aspect, not only estimators but also such non-estimators as construction manager and site manger were selected to the respondents of the survey. The survey used e-mail to communicate with respondents being in South Korea.
Respondents were required to give score on how important 11 factors listed in the second part of questionnaire are in influencing final project cost. The sheet like Figure 4 was used to score importance of each factor, and the factors were measured by scale of 0 to 10.
The result of the questionnaire is shown in Table 8 . The impact score of each factor was rescaled. The factors that respondents recognized the most important in affecting final project cost were 'contract sum' , 'type of building' , 'type of structure' and 'number of basement' , whereas 'building coverage ratio' was the lowest impact factor.
Singularly, not only did expert 1 and 5 not score the impact of duration but the value of σ is also significantly high, which resulted from characteristics of duration. As mentioned in the first part, although duration is one of the most important factors affecting the profit, it is not meaningful to consider. Thus, it is likely that the duration factor should be considered comparing contract duration and actual duration along with main reasons to make the extension of time. lected from 33 completed projects in South Korea were partitioned into two parts, training set and holdout set in order to avoid bias. After a certain prediction model is completed, it is significantly important to confirm the reliance of the model. To check the model, the method to substitute testing data is generally used. Hair et al.(1992) describe such a procedure for use in dicriminant analysis, Hecht-Nielsen (1990) likewise addresses the use of the method to test the model of neural networks, and Seydel (2003) also uses partitioning the data into two parts. From these reasons, the data in this work is partitioned into training set and holdout set. 29 projects are the training data to create cost models, and the rest 4 projects are the holdout data to test reliance of the models. Furthermore, this study selected the projects with the different arrange of dependent and independent variables as the holdout set in order to test the model (see Figure 6 ).
(2) Traditional regression-based model
This regression-based model was calculated by SPSS 18. The several values of the regression model were shown in Table 6 . R value represents correlation coefficient between all entered independent variables and a dependent variable, and R 2 value shows the amount of variance in the dependent variable that can be explained by the independent variables (Hinton et al, 2004) . In the result of coefficient, Table 7 , duration, location, (3) The survey for abstracting informative priors Reliable prior probability is significantly important in improving the value of BRA model. Thus, the main purpose of this survey is to secure high-quality informative priors. The targeting of survey is six experts whose everyday job is working in construction sector. Given that the respondents of this survey should judge the impact that each independent variables affect construction cost and profit. Especially, most of independent variables have a possibility to be able to influence the construction cost and profit by a variety of uncertainties while projects are progressed. In this aspect, not only estimators but also such non-estimators as construction manager and site manger were selected to the respondents of the survey. The survey used e-mail to communicate with respondents being in South Korea.
Respondents were required to give score on how important 11 factors listed in the second part of questionnaire are in influencing final project cost. The sheet like Figure 4 was used to score importance of each factor, and the factors were measured by scale of 0 to 10. The result of the questionnaire is shown in Table 8 . The impact score of each factor was rescaled. The factors that respondents recognized the most important in affecting final project cost were 'contract sum', 'type of building', 'type of structure' and 'number of basement', whereas 'building coverage ratio' was the lowest impact factor. The values of mean and calculated by results of a survey were used as informative priors for BRA, and the informative priors were mean and variance in Table 8 .
(4) Bayesian regression-based model
It is necessary to tell WinBUGS what likelihood distribution to use and what prior distribution to use in order to create Bayesian regression models. WinBUGS requires particular program code like Figure 5 that it can recognize. Likelihood distribution using 12 independents variables and prior distribution of the variables calculated from survey were described in Figure 5 .
In next stage total 11,000 simulations were extracted using Gibbs Algorism to perform Bayesian regression analysis, and then by discarding the first 1,000 simulations to get initial transients the entire 10,000 samples were extracted from posterior distribution. Also, posterior mean, standard deviation, and 2.5th, 50th, 97.5th percentile of the simulations were calculated.
The nod statistics indicates various result values of posterior distribution such as mean, standard deviation and so on (see Figure  6) . Node shows the name of the unknown quantity. The MC error means the computational accuracy of the mean and can be made as small as desired by increasing the number of simulations. The On the other hand, posterior standard deviation represents genuine uncertainty and cannot be reduced others than by obtaining additional real data (Spiegehalteral et al., 2003) . Figure 7 shows the values of simulations using markov chain monte carlo (MCMC) and whether they become well-mixed. If the value in this graph is not fluctuated but constantly maintained during interaction, it will be difficult to judge that this simulation have sufficient reliance. In this sense, the values of these simulations became well-mixed since the part to be constantly maintained was not found given the graph of posterior trace. Posterior distributions were also graphed in Figure 8 . Every graph of every node indicates that the posterior distributions became well-mixed. Singularly, not only did expert 1 and 5 not score the impact of duration but the value of σ is also significantly high, which resulted from characteristics of duration. As mentioned in the first part, although duration is one of the most important factors affecting the profit, it is not meaningful to consider. Thus, it is likely that the duration factor should be considered comparing contract duration and actual duration along with main reasons to make the extension of time.
The values of mean and calculated by results of a survey were used as informative priors for BRA, and the informative priors were mean and variance in Table 8 . In next stage total 11,000 simulations were extracted using Gibbs Algorism to perform Bayesian regression analysis, and then by discarding the first 1,000 simulations to get initial transients the entire 10,000 samples were ex- The MC error means the computational accuracy of the mean and can be made as small as desired by increasing the number of simulations. The On the other hand, posterior standard deviation represents genuine uncertainty and cannot be reduced others than by obtaining additional real data (Spiegehalteral et al., 2003) . Figure 7 shows the values of simulations using markov chain monte carlo (MCMC) and whether they become well-mixed. If the value in this graph is not fluctuated but constantly maintained during interaction, it will be difficult to judge that this simulation have sufficient reliance. In this sense, the values of these simulations became wellmixed since the part to be constantly maintained was not found given the graph of posterior trace. Posterior distributions were also graphed in Figure 8 . Every graph of every node indicates that the posterior distributions became wellmixed. Singularly, not only did expert 1 and 5 not score the impact of duration but the value of σ is also significantly high, which resulted from characteristics of duration. As mentioned in the first part, although duration is one of the most important factors affecting the profit, it is not meaningful to consider. Thus, it is likely that the duration factor should be considered comparing contract duration and actual duration along with main reasons to make the extension of time.
The values of mean and calculated by results of a survey were used as informative priors for BRA, and the informative priors were mean and variance in Table 8 . In next stage total 11,000 simulations were extracted using Gibbs Algorism to perform Bayesian regression analysis, and then by discarding the first 1,000 simulations to get initial transients the entire 10,000 samples were ex- The MC error means the computational accuracy of the mean and can be made as small as desired by increasing the number of simulations. The On the other hand, posterior standard deviation represents genuine uncertainty and cannot be reduced others than by obtaining additional real data (Spiegehalteral et al., 2003) . Figure 7 shows the values of simulations using markov chain monte carlo (MCMC) and whether they become well-mixed. If the value in this graph is not fluctuated but constantly maintained during interaction, it will be difficult to judge that this simulation have sufficient reliance. In this sense, the values of these simulations became wellmixed since the part to be constantly maintained was not found given the graph of posterior trace. Posterior distributions were also graphed in Figure 8 . Every graph of every node indicates that the posterior distributions became wellmixed. Table 9 shows the coefficients of independent variables of traditional MRA and BRA models. Most of independent variables in the two models have the same positive or negative impact to dependent variable. For example, if the number of basement increased, the profit would decrease, which means that this factor has a negative impact to profit margin. However, the coefficient of each variable calculated by BRA was smaller than that by traditional MRA accept for Duration, Location and Retaining wall variables. Especially although the duration and location were significantly low values in correlation with a dependent variable in the traditional MRA model, the values in the BRA model got higher, which means that informative prior, six professionals' views, largely influenced posterior value of the two factors. In the standard error, every variable except the retaining wall variable in BRA was smaller than counterpart, which means that the variability of coefficient reduced.
The two regression models were tested by holdout set that were not used to calculate the regression models. Table 10 shows profit predictions of the two models. The profit predictions of BRA model were much more accurate than the model calculated by traditional MRA. The differences of BRA model versus real profit margins was arranged from 1.82 to 0.01, whereas that of traditional MRA model showed from 0.75 to 4.71. Consequently, it is confirmed that BRA model reflecting informative priors measured by six professionals allows improving the accuracy of profit predictions of projects.
Relatively, prediction of test case 2 was calculated to significantly negative results although real profit margin was 1.94%. There are two main reasons why the prediction occurred. The first reason is a lot of risk factors increasing construction cost not to be able to predict in tender phase. Another reason is due to the feature of linear regression. Because the linear MRA models indicate the values on a certain line made by the impacts that independent variables affects a dependent variable. It is difficult that the linear MRA models predict every data accurately. Nevertheless, the results indicated that BRA has sufficient probability to improve the quality of decision making process for optimum tender price.
SUMMARY AND CONCLUSION
Bayesian statistics is an appropriate technique to deal with both the factors so that it is possible to reflect prior probability. The concept of Bayesian approach to statistics is to use the prior information and the information contained in the data. It should be handled by subjective experiences and knowledge. This study tried to create the strategy model to predict the actual profit of the construction projects for deciding optimum tendering price by affecting the factors. As a result, this study developed the model to predict the real profit margin of construction projects more accurately using BRA whose reliability was verified by testing and comparing the results. Given the feature of the Bayesian statistics, it can be effectively used to develop a strategy model. Consequently, it is confirmed that BRA model reflecting informative priors measured by six professionals allows improving the accuracy of profit predictions of projects.
The two objectives of this study were accomplished in terms of developing the model to make predictive profit margin at tendering phase using BRA verifying the reliance. Furthermore, contractors will be able to use this analysis to judge how variable factors influence the profit of projects before determining tender prices. Especially if the constructors have sufficient data of previous completed projects and experiences, they can secure the significant reliability of the analysis as well as estimate optimum tender price reflecting appropriate profit. Table 9 shows the coefficients of independent variables of traditional MRA and BRA models. Most of independent variables in the two models have the same positive or negative impact to dependent variable. For example, if the number of basement increased, the profit would decrease, which means that this factor has a negative impact to profit margin. However, the coefficient of each variable calculated by BRA was smaller than that by traditional MRA accept for Duration, Location and Retaining wall variables. Especially although the duration and location were significantly low values in correlation with a dependent variable in the traditional MRA model, the values in the BRA model got higher, which means that informative prior, six professionals' views, largely influenced posterior value of the two factors. In the standard error, every variable except the retaining wall variable in BRA was smaller than counterpart, which means that the variability of coefficient reduced. The two regression models were tested by holdout set that were not used to calculate the regression models. Table 10 shows profit predictions of the two models. The profit predictions of BRA model were much more accurate than the model calculated by traditional MRA. The differences of BRA model versus real profit margins was arranged from 1.82 to 0.01, whereas that of traditional MRA model showed from 0.75 to 4.71. Consequently, it is confirmed that BRA model reflecting informative priors measured by six professionals allows improving the accuracy of profit predictions of projects.
Relatively, prediction of test case 2 was calculated to significantly negative results although real profit margin was 1.94%. There are two main reasons why the prediction occurred. The first reason is a lot of risk factors increasing construction cost not to be able to predict in tender phase. Another reason is due to the feature of linear regression. Because the linear MRA models indicate the values on a certain line made by the impacts that independent variables affects a dependent variable. It is difficult that the linear MRA models predict every data accurately. Nevertheless, the results indicated that BRA has sufficient probability to improve the quality of decision making process for optimum tender price. 
The two objectives of this study were accomplished in terms of developing the model to make predictive profit margin at tendering phase using BRA verifying the reliance. Furthermore, contractors will be able to use this analysis to judge how variable factors influence the profit of projects before determining tender prices. Especially if the constructors have sufficient data of previous completed projects and experiences, they can secure the significant reliability of the analysis as well as estimate optimum tender price reflecting appropriate profit. However, only 33 projects were dealt with to develop the model, and the number of variables was restricted to 12 due to the reason of difficulty in securing sufficient data. It was a significant barrier in improving the accuracy of the model. Moreover, the level of the influence factors has on profits of construction projects. Bayesian software, WinBUGS, also has some limitations in dealing with many independent variables although it is has significant benefits. It is impossible to calculate a large number of significant factors. This study used the way to rescale the data to avoid values which might lead to overflow. And, it is to need a lot of time and effort for dealing with the software compared to the traditional MRA.
This study mainly dealt with technical factors as independent variables such as retaining wall, type of structure, the number of basement and story. As a result of the development of construction technology, however, the risk of increase of construction cost by the technical factors has significantly reduced. Instead, external factors such as claim, infrastructure and local legislations are increasingly influencing construction cost. Especially such factors can result in the extension of project time, which can deteriorate the project profitability by increasing final construction cost. In this context, considering more external factors, completed project time, market and bidding condition is required for developing strategy model to decide optimistic tender price reflecting appropriate profit.
